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(54) VACUUM CARBURIZATION METHOD AND APPARATUS THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive 
vacuum carburization treatment method which solves the 
trouble by the excess of a surface carbon concn. including 
corner parts, allows the treatment under broad carburization iV u t< 
pressures and obviates the generation of soot and an 
apparatus therefor. 

SOLUTION: Gaseous ethylene or a gaseous mixture 
composed of the gaseous ethylene and gaseous acetylene is 
used as a carburizing gas. The supply rate of this carburizing 
gas is periodically or impulsively changed from a high flow 
rate level to a low flow rate level and further to the high flow 
rate level. The pressure of a carburization chamber 1 0 at the 
time of the high level is regulated to a range of 1 to 10 kPa, 
the flow rate level ratio of the low flow rate level to the high 
flow rate level to 0 to 50% and the time ratio to 50 to 3,000%. 
Further, the regulation of the pressure in the carburization 
chamber is executed by regulating a valve or movable orifice 
mechanism 16 disposed between an evacuation device 12 and 
a discharge port 17 of the carburization chamber. 
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* NOTICES* 




JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the origmal precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vacuum carburization approach characterized by to make the amount of supply of this 
carburization gas change from high flow rate level repeatedly from quantity flow rate level farther to low 
flow rate level once at least to low flow rate level, and to make the pressure of the carburization room at 
the time of the high flow rate level of said carburization gas into the range of 1-lOkPa in vacuum 
carburization processing, using the mixed gas of ethylene gas or ethylene gas, and acetylene gas as 
carburization gas. 

[Claim 2] Flow rate change of said carburization gas is the vacuum carburization approach [claim 3] 
according to claim 1 characterized by trying to change periodically, flow rate change of said carburization 
gas is a pulse-like ~ the vacuum carburization approach [claim 4] according to claim 1 or 2 characterized 
by things The vacuum carburization approach according to claim 1 , 2, or 3 characterized by for the flow 
rate level ratio of low flow rate level to the high flow rate level of carburization gas being 0 - 50%, and 
the time amount ratio of low flow rate level to high flow rate level being 50 - 3,000% to said carburization 
room. 

[Claim 5] The vacuum carburization approach according to claim 1 to 4 characterized by carrying out by 
adjusting the bulb or the movable orifice device which adjustment of the pressure of the carburization 
interior of a room was prepared between the exhaust ports of evacuation equipment and a carburization 
room. 

[Claim 6] In the vacuum carburization equipment which has the carburization room possessing heating 
apparatus, the evacuation equipment which exhausts this carburization interior of a room, the equipment 
which supplies carburization gas to this carburization interior of a room, and the cooling room equipped 
with the oil tank for hardening In order to estabhsh the control system to which carburization gas supply 
volxmie is once changed on low flow rate level from high flow rate level from quantity flow rate level at 
least at a low flow rate level pan and to adjust the pressure of die carburization interior of a room Vacuxmi 
carburization equipment characterized by establishing a bulb or a movable orifice device between the 
exhaust port of a carburization room, and evacuation equipment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vacuum carburization art and equipment of a ferrous 



[Description of the Prior Art] Gas carburizing, vacuum carburization, plasma carburization, etc. are 
carried out to the carburization of a ferrous material from the former, gas carburizing — the present 
condition ~ although carried out widely, there are troubles, like grain boundary oxidation of the danger of 
being based on combustible gas, and a processing article front face, and the formation of a short cycle by 
high temperature carburizing are difficuh. Moreover, cost is high and plasma carburization is limited to 
special carburization. In vacuum carburization, there is the approach of processing by the pressure of 10- 
70kPa by 900-1 100 degrees C, using saturated hydrocarbon (methane, a liquefied petroleum gas, butane) 
as carburization gas. 

[0003] Furthermore, as a carburization art using acetylene, in JP,8-325701,A, the pressure of a vacuum 
carburization processing room is set to 1 or less kPa, a fixed time amount halt of a sink and its blasting 
fiimes is carried out for fixed time amount acetylene gas, and carbon is diffused inside a processing 
article. 
[0004] 

[Problem(s) to be Solved by the Invention] Since [ that temperature is the same ] the carbon concentration 
in a furnace becomes high as compared with gas carburizing in the case of this vacuum carburization, and 
a carbon concentration gradient with the interior becomes large but, it has the advantage that carburization 
time amount can be shortened. However, in vacuum carburization, especially, since a comer section front 
face had little front face and area which carbon diffuses inside compared with the flat-surface section, 
carbon concentration became high, and its retained austenite increased, or it had the problem that 
reticulated carbide became is easy to be generated. When there was too much this retained austenite or 
reticulated carbide was generated, there was a problem of reducing the quality of a carburization product 
greatly. Moreover, when IkPa was exceeded with acetylene and lOkPa(s) were exceeded with ethylene, 
respectively, soot was generated, and there was a problem that a control range was narrow. 
[0005] The purpose of this invention is offering the approach and equipment which solve the fault by the 
excess of surface carbon concentration also including the comer section in a vacuum carburization art in 
view of this trouble, and processing by the broad carburization pressure is possible, and generating of soot 
does not have, either, and are carburized cheaply. 
[0006] 

[Means for Solving the Problem] In this invention, the mixed gas of ethylene gas or ethylene gas, and 
acetylene gas is used as carburization gas in vacuum carburization processing. At least the amount of 
supply of this carburization gas from quantity flow rate level further to low flow rate level once from high 
flow rate level to low flow rate level The above-mentioned technical problem was solved by offering the 
vacuum carburization approach characterized by making it change repeatedly and making the pressure of 
the carburization room at the time of the high flow rate level of said carburization gas into the range of 1- 
lOkPa. 

[0007] By using the mixed gas of ethylene gas or ethylene gas, and acetylene gas for carburization gas, 
and performing vacuum carburization, it decomposes efficiently on a steel front face, and ethylene and 
acetylene supply the carbon of the source of carburization. Generation of the reticulated carbide by high- 
concentration-izing of the carbon of the comer section can be especially controlled by making the 
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ti^^om into the range of 1-lOkPa, making con^^o 



pressure of a carburizatioiffoom into the range of 1-lOkPa, making convention time amount sink carbon 
the capacity of the convention to a carburization term permeate a front face, convention-time-amount- 
stopping, or decreasing carburization gas in a diffusion term, and performing pulse carburization which 
repeats diffusing carbon inside. 

[0008] While this is maintaining carburization gas supply at the low and supply of a carbon source is 
controlled, surface carbon is diffused inside a work piece by thermal diffusion. Again active carburization 
is repeated by returning supply of carburization gas to high level. Thus, since diffusion of the carbon of 
the surface section becomes easy to advance by changing the amount of supply of carburization gas 
between a high level and a low, and repeating this, carburization processing without a surface abnormality 
layer can be performed. Moreover, since the flow of carburization gas, such as a thin hole, becomes good, 
the carburization of the narrow space section also becomes homogeneity. 

[0009] Since the source of carburization was not superfluously supplied in this carburization art, while 
being able to control the consumption of carburization gas, generating of the soot of the carburization 
interior of a room could be suppressed, and it was referred to as 1-lOkPa whose pressure of a 
carburization room is the range larger than before. In addition, in this approach, carburization becomes 
inadequate in 1 or less kPa, and generating of soot becomes large by lOkPa **, 
[0010] Ahhough flow rate change of carburization gas was made into the high flow rate, the low flow 
rate, the high flow rate, and the low flow rate, it is effective to repeat this according to a carburization 
situation. Then, flow rate change of carburization gas was made to change periodically in claim 2. 
[001 1] Moreover, the shape of a pulse tends to control flow rate change of carburization gas like claim 3. 
[0012] If there is little flow rate change of distributed gas, and if the time amount at the time of a low flow 
rate is too short, diffusion inside the carbon at the time of a low flow rate will not be promoted. Then, in 
claim 4, it is good to make the flow rate level ratio of low flow rate level to the high flow rate level of 
carburization gas into 0 - 50%, and to make the time amount ratio of low flow rate level to high flow rate 
level into 50 - 3,000%. 

[0013] the configuration and the required surface organization of the comer section - a proper period and 
pulse conditions (a flow rate and time amount) - it is required. For that, control of the amount of supply 
of carburization gas and the pressure of the carburization interior of a room is important. It is larger for 
change for control of the pressure of the carburization interior of a room to control [ rather than ] the 
amoimt of exhaust gases by the side of discharge to change of the amount of supply of carburization gas. 
Then, in claim 5, we decided to carry out by adjusting the bulb or the movable orifice device which 
adjustment of the pressure of the carburization interior of a room was prepared between evacuation 
equipment and the exhaust port of a carburization room. In addition, compared with entrance-side control, 
a carburization quantity of gas flow can be lessened by controlling a flow rate by the exhaust side. 
[0014] The carburization room which possesses heating apparatus like claim 6 in operation of this 
vacuum carburization approach, In the vacuum carburization equipment which has the evacuation 
equipment which exhausts this carburization interior of a room, the equipment which supplies 
carburization gas to this carburization interior of a room, and the cooling room equipped with the oil tank 
for hardening In order to establish the control system to which carburization gas supply volume is once 
changed on low flow rate level from high flow rate level from quantity flow rate level at least at a low 
flow rate level pan and to adjust the pressure of the carburization interior of a room The vacuum 
carburization equipment which established the bulb or the movable orifice device between the exhaust 
port of a carburization room and evacuation equipment can perform. 
[0015] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained with reference to a 
drawing. Drawin g 1 is the whole vacuum carburization equipment schematic diagram showing the gestah 
of operation of this invention. As shown in drawin g 1 , this vacuum carburization furnace consists of a 
carburization room 10 possessing heating apparatus, a cooling room 3 connected to this carburization 
room, and a transport device 2 for product in-and-out. 

[0016] The heating element which is not illustrated for carrying out heating at high temperature of the 
work piece 8 is attached in the carburization room 10, and the heat insulation box 9 for incubation is 
attached in it. Moreover, it has the temperature controller 13 which controls the gas supply board 1 1 
which is made to be supplied into the carburization room 10 from the feed hopper which does not 
illustrate the mixed gas of ethylene gas or ethylene gas, and acetylene gas, and controls this carburization 
gas supply volume, and a heating element. These configurations are the same as that of conventional 
vacuum carburization equipment almost, and the exhaust port 17 of a carburization room is connected to 
evacuation equipment 12 in the further conventional thing. However, in this equipment, the bulb 16 for 
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D^^carburization interior of a room between th^^ha 



adjusting the pressure oirre carburization interior of a room between th^>chaust port 17 of a 
carburization room and evacuation equipment 12 especially is connected. Although this bulb 16 is the 
example between evacuation equipment 12 and an exhaust port 17 attached in the main exhaust air bulb 
which is not illustrated and the serial, it may be attached in juxtaposition. Furthermore also between 
evacuation equipment 12 and the exhaust port 18 of a cooling room 3, the exhaust air bulb which is not 
illustrated attaches, and it is ****♦**♦♦*. Moreover, evacuation equipment 12 may be formed in a 
cooling room 3 and the carburization room 10, respectively. 

[0017] Therefore the cooling room 3 connected to the carburization room 10 is constituted by the 
quenching-oil tub 7, and the quenching elevator 5 and the transport device 6 in a fiimace, and closing 
motion of a carburization room is enabled for it by the divisional title 15. Furthermore, closing motion of 
a cooling room 3 is enabled by the front door 14. It is made for doors 14 and 15 to have each ** sealed. 
Moreover, the exhaust port 18 of a cooling room 3 is connected between evacuation equipment 12 and a 
bulb 16. The conveyance table 2 for taking a work piece before the front door 14 of a cooling room 3 is 
arranged. In addition, signs 1 and 4 and 4*8 show the work piece in each equipment. 
[0018] Next, the carburization approach of this invention is explained. The following processings are 
performed one by one using the equipment of this invention of dra win g 1 . 

(1) Consider a bulb 16 as full open mostly with evacuation equipment 12 first, and carry out evacuation of 
the carburization room 10 and the cooling room 3 in the condition which opened the exhaust air bulb of 
the carburization room 10 which is not illustrated further, and the exhaust air bulb of a cooling room 3, 
i.e., the condition of having made the carburization room 10 and the cooling room 3 opening for free 
passage, to 0.05 or less kPas. 

(2) Carry out a temperature up to carburization temperature, exhausting the carburization room 10 after 
reaching a predetermined pressure. 

(3) Open the front door 14 of a cooUng room 3 wide, carry in a work piece 4 for a work piece 1 on the 
quenching elevator 5 on the conveyance table 2, and shut a front door 14. 

(4) Carry out evacuation of the cooling room 3 to 0.05 or less kPas with evacuation equipment 12. 

(5) Open a divisional title 15 wide after reaching a predetermined pressure, convey the processing article 
4 in the carburization room 10 from a cooling room 3, and shut a divisional title. 

(6) Carry out vacuum heating of the carburization room 10, heat and carry out soak of the work piece 4 to 
predetermined temperature (850-1 100 degrees C). 

(7) Supply carburization gas in the carburization room 10 from carburization gas supply opening by the 
blasting-fiimes supply board 1 1 . By furthermore adjusting a bulb 1 6, it adjusts so that the pressure of the 
carburization interior of a room [ gas / carburization ] at the time of high flow rate level may turn into a 
predetermined pressure of the range of 1-lOkPa. 

[0019] Carburization gas is set by the predetermined flow rate (high flow rate level) at a sink and 
diffusion term, carburization gas is stopped or decreased (low flow rate level), and this is repeated at a 
carburization term. The flow rate level ratio of low flow rate level to high flow rate level is made into 0 - 
50%. This is periodically repeated between under elevated-temperature maintenance by the time amount 
(the time amount ratio of diffusion/carburization 50 - 3,000%) set up in advance. 

(8) Carburization (henceforth pulse carburization) of the shape of this pulse is completed, and after 
elevated-temperature holding-time termination, to quenching temperature, lower a carburization room and 
carry out soak heating further if needed. 

[0020] In addition, although the pressure of the carburization interior of a room changes with the amoimts 
of carburization gas, since the capacity of evacuation equipment is large enough compared with the 
amount of supply of carburization gas, it is controlled by the predetermined pressure by the bulb 16. What 
is necessary is just to adjust according to the time of high flow rate level, although it adjusts in the range 
of 1-lOkPa at the time of the high flow rate level of carburization gas, and bulb adjustment may adjust 
also at the time of low flow rate level since the pressure not more than it is sufficient at the time of low 
flow rate level. When a flow rate level ratio is 0, it is set to 0.05 or less kPas at the time of low flow rate 
level. 

[0021] (9) After the temperature of the carburization room 10 falls to quenching temperature, open a 
divisional title 15 wide, after moving a work piece 4 to a cooling room 3 and taking out on an elevator 5 
by the internal transport device 6, shut a divisional title 15, drop an elevator 5, into the oil of an oil tank 7, 
dip work-piece 4' and carry out quenching processing. Nitrogen gas is introduced under into atmospheric 
pressure at this tune. 

(10) Raise an elevator 5, after predetermined carries out time amount maintenance in an oil, and carry out 
an oil thrower. 
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c^^into atmospheric pressure. 



(1 1) Make a cooling roonR^into atmospheric pressure. 

(12) After opening a front door 14 wide and taking out a work piece 4 on the conveyance table 2 outside a 
furnace, vacuum carburization processing of 1 cycle is completed by closing a front door 14 by carrying 
out evacuation of the (13) cooling room 3 to 0.05 or less kPas with evacuation equipment 12. 

[0022] 

[Example] (Example 1) The example of the vacuum carburization using this equipment shown in drawing 
1 below is explained. Ethylene gas was used for carburization gas in the example 1 . After the quality of 
the material conveys SCM415 and the processing article of the with an outer-diameter die length [ 10mm 
die length of 20mm ] round bar in a carburization room and heats the temperature of the carburization 
interior of a room at 930 degrees C, ethylene gas is supplied for 1 minute by flow rate 1 Lit/min. It 
carburizes carrying out exhaust air bulb adjustment so that it may be set to carburization internal pressure 
force 1.3kPa, and ethylene gas is stopped and diffixsed for 4 minutes after that, and ethylene gas is 
supplied for 1 minute by carburization internal pressure force L3kPa, and ethylene gas is stopped for 4 
minutes after that. After cooling to 850 degrees which is quenching temperature after carrying out pulse 
carburization which repeats this for 1 hour (a total of 12 times) and holding at this temperature for 30 
minutes, it transported to the cooling room and oil quenching was carried out. 
[0023] When carbon analysis of the processing article which performed this vacuimi carburization 
processing was carried out, the distance from the front face where, as for surface carbon concentration, 
0.81% and carbon concentration become 0.3% was set to 0.55mm, and was a proper value. Moreover, 
carbide reticulated in the organization of the comer section was not seen, and its retained austenite is also 
normal and it did not have generating of soot, either. 

[0024] (Example 2) Next, the example 2 of this invention which used mixed gas (ethylene gas 70% and 
acetylene gas 30%) for carburization gas is explained. In the example 2, use this equipment shown in 
drawing 1 R> 1, and the quality of the material conveys SCM415 and the processing article of the with an 
outer-diameter die length [ 10mm die length of 20mm ] round bar in a carburization room. Carrying out 
exhaust air bulb adjustment so that it may be set to carburization internal pressure force 2.6kPa, after 
heating the temperature of the carburization interior of a room at 930 degrees C Carrying out exhaust air 
bulb adjustment so that mixed gas (ethylene gas 70% and acetylene gas 30%) may be supplied for 1 
minute, and may be carburized by flow rate 1 Lit/min and it may be set to carburization internal pressure 
force 0.13kPa after that After having cooled to 850 quenching temperature after carrying out pulse 
carburization which reduces mixed gas to flow rate 0.1 Lit/min, carries out sink diffiision for 5 minutes, 
and repeats this for 1 hour (10 times), and holding at this temperature for 30 minutes, it transported to the 
cooling room and oil quenching was carried out. 

[0025] When carbon analysis of this processing article was carried out, the distance from the front face 
where, as for surface carbon concentration, 0.84% and carbon concentration become 0.3% was 0.58nun 
and a proper value. Moreover, carbide reticulated in the organization of the comer section was not seen, 
and its retained austenite is also normal and it did not have generating of soot. 
[0026] 

[Effect of the Invention] Since it considered as the pulse carburization which the amount of supply of the 
mixed gas of ethylene gas or ethylene gas, and acetylene gas was repeated [ carburization ] to the low 
flow rate level pan with high flow rate level, and changed it from quantity flow rate level to it once at 
least according to the approach of this invention, carburization processing without a surface abnormality 
layer can be performed, and the carburization of the narrow space section also becomes homogeneity. 
There is no fauh by the excess of surface carbon concentration also including especially the comer 
section. Moreover, since the pressure of the carburization room at the time of the high flow rate level of 
carburization gas was made into the range of 0. 1-lOkPa, it became what offers the approach which 
generating of soot does not have, either and is carburized cheaply. 

[0027] Moreover, since the source of carburization is not supplied superfluously but the consumption of 
carburization gas can be controlled by pulse carburization, the new vacuum carburization equipment 
which can lower a total running cost can be offered, and it is very usefiil on industry. 
[0028] Moreover, since flow rate change of carburization gas was made to change periodically, it became 
what has more uniform carburization. 

[0029] Moreover, since flow rate change of carburization gas was considered as pulse-like control, 
conventional vacuum carburization equipment is [ that it is easy to carry out control ] easily convertible 
into this equipment. 

[0030] Moreover, it became what can do carburization more certainly by making the flow rate level ratio 
of high flow rate level and low flow rate level into 0 - 50%, and making the time amount ratio of low flow 
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i^Bevel into 50 - 3,000%. Since a flow rate is cot^I 



rate level to high flow ratWevel into 50 - 3,000%. Since a flow rate is controlled by the exhaust side by 
adjusting a bulb or a movable orifice device for adjustment of the pressure of the carburization interior of 
a room, control is easy, and a carburization quantity of gas flow can also be lessened and can reduce the 
further cost. 

[0031] The carburization room possessing heating apparatus, and the evacuation equipment which 
exhausts the carburization interior of a room, To the conventional vacuum carburization equipment which 
has the equipment which supplies carburization gas to the carburization interior of a room, and the 
cooling room equipped with the oil tank for hardenmg, in addition, the control system which changes 
carburization gas supply volume from quantity flow rate level to a low flow rate level pan once at least at 
high flow rate level, in order to adjust the pressure of the carburization interior of a room, by establishing 
a bulb or a movable orifice device between the exhaust port of a carburization room, and evacuation 
equipment Pulse carburization could be carried out and it became what offers the vacuum carburization 
equipment without generating of soot without the fault it is uniform and according to the excess of surface 
carbon concentration without the above-mentioned surface abnormality layer which lowered cost. 



[Translation done.] 
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